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I n  c h a p t e r  I t h e  l i t e r a t u r e  i s  r e v i e w e d  c o n c e r n i n g  t h e  mechanism invoYved  i n  
anmonia g e n e r a t i o n  i n  t h e  g u t .  A p a r t  f r a n  b a c t e r i  a1 ammonia g e n e r a t i o n ,  t h e r e  
a r e  i n d l  c a t i o n s  t h a t  t h e r e  i s  a  s u b s t a n t i a l  am~i lonia p r a d u c t i  on i n  t h e  ilnucosa 
o f  t h e  j e ~ u n u m ,  i l e u m  and c o l o n ,  i n  t h a t  o r d e r  o f  m a g n ~ t u d e .  T h i s  ~ n e t a b o l i c  
ammonia p r o d u c t i o n  i s  gl utami ine dependent .  Amnioniia s t i l l  F i g u r e s  i n  r ~ l o s t  
t h e o r i e s  c o n c e r n i n g  t h e  p a t h o g e n e s i s  of  h e p a t i c  encepha lopa thy  (W.E . 1 .  The 
r e l e v a n c e  o f  t h i s  s t u d y  i s  u n d e r l i n e d  by  a  r e v i e w  o f  t h e  l i t e r a t u r e  demon- 
s t r a t i n g  t h a t  neoimycin and l a c t u l o s e  a r e  i n d e e d  e f f e c t i v e  i n  a m e l i o r a t i n g  
M . E . ,  p r o b a b l y  by t h e i r  aannnonia d e c r e a s i n g  e f f e c t ,  a1 t h o u g h  a  w e l l  d e s i  gned 
d o u b l e - b l i n d  t r i a l  w i t h  a  p l a c e b o  has n e v e r  been performed. The exper ikrrents 
d e s c r i b e d  i n  t h i s  s t u d y  were  u n d e r t a k e n  t o  e s t a b l i s h  i f  l a c t u l o s c  and neomy- 
c l in  i n t e r f e r e  with mmucosal ar~rmonia m r t a b o l i s m ,  s i n c e  t h i s  e f f e c t  has r r cve r  
been c o n s i d e r e d  i n  t h e i r  mode o f  a c t i o n .  Cur l ren t  e x p l  a n a t i a n s  ahor i t  t h e  ~nocle 
o f  a c t i o n  o f  l a c t u l o s e  and neomyc in  a r e  c o n t r a d i c t o r y  arid u n s a t i s f a c t o l r y ,  
As a  f i r s t  app roach  t o  t h e  p r o b l e m  we p e r f o r m e d  i n c u b a t i o n  s t u d i e s  w i t h  
i n t a c t  p l e c c s  o f  s m a l l  and l a r g e  i n t e s t i n e  i n  a K rebs -R inge r  s o l u t i o r r  ( w i t h  
and w i t h o u t  g lu taxn ine )  and w i t h  l a c t u l o s e  and n e o n y c i n  added t o  t h e  incuiba- 
t i o n  medium ( c h a p t e r  11) .  Small and l a r g e  i n t e s t i n e  were  c a p a b l e  o f  meta l lo -  
l i z i n g  l a r g e  q u a n t i t i e s  o f  g l u t a n i n e .  Sma l l  i n t e s t i n e  prodluced p e r  u n i t  o f  
w e i g h t  Itnore ammonia t h a n  l a r g e  i n t e s t ~ n e  when g l u t a m i n e  was added. L a c t u l o s c  
i n h i  b i t e d  d e g r a d a t i o n  o f  g l u t a m i n e  i n  a dose dependent  manner.  T h e o r e t i c a l  l y  
t h e  musc le  i n  t h e  gu t  c o u l d  have a m a j o r  c v f e c t  on m e t a b o l i s m  of  ammonia. 
T h e r e f o r e  we c a r r i e d  o u t  e x p e r i m e n t s ,  as d e s c r i b e d  i n  c h a p t e r  111 ,  w i t h  
i s o l a t e d  mzlcnsa c e l  lz t o  p i n p o i n t  t h e  s i t e  where ammonia me tabo l  1 sn o c c u r s .  
I n  a d d i t i o n  t h e s e  s t u d i e s  a1 l owed  0s t o  d i  s t i n g w i  sh  between ammonia pradrrc-  
t i o n  o f  v i l l o u s  and c r y p t  c e l l s .  F u r t h e r m o r e  t h e  e f f e c t  o f  neomyc in  a n d  
l a c t u l ~ o s c  was i n v e s t i g a t e t l .  I s o l a t e d  c e l l s  were p r e p a r e d  a c c o r d i n g  t o  t h e  
method o f  H a r r i s o n  and Webster. R e s u l t s  i n d i c a t e d  thlat glutarnrne i s  metabol i- 
zed by b o t h  v i l l o u s  and c r y p t  c e l l s  and t h a t  ammonia, g l u t a m i c  a c i d  and 
a l a n i n e  i s  produced, Both l a c t u l o s e  and neomycin were capable o f  inhibiting 
t h e  a l a n f n e  dependent p r o d u c t i o n  o f  a m o n i a  by v i l l o u s  and c r y p t  c e l l s  o f  
conven t iona l  and garrn-free r a t s .  T h i s  g lu tamine  degrada t ion  appears n o t  t o  be 
mediated by b a c t e r i a !  a c t l o n  s ince  p rocess ing  these  mwcosa c e l l s  does n o t  
a l l o w  b a c t e r i a  t o  s tay  on t h e  s u r f a c e  o f  t h e  rnucasa c e l l s .  Fur thermore mwcosa 
c e l l s  o f  germ-f ree r a t s  were capable o f  g e q e r a t i n g  comparable aniounts o f  
ammonia as c e l l s  o f  conven t iona l  r a t s  i n  both v i l l o u s  and c r y p t  c e l l s .  
I n  a separate s tudy [ c h a p t e r  I Y )  we eva lua ted  t h e  e f f e c t  o f  neomycin on 
g u t - m o r p h o l o g y  w i t h  s e v e r a l  h i  s t o c h e m i c a l  s t a i n i n g  r e a c t i o n s .  Weornyci n  
d i m i n i s h e d  b o t h  iln normal and germ-f ree r a t s  t h e  a c t i v i t y  o f  MAD-tetrazol ium- 
reductase [NADHtr) , s u c c i n a t e  dehydrogenase (SDH 1, a1 k a l  i n e  phosphatase 
[AlPh) and a c i d  phosphatase (AcPh). The f i n d i n g s  o f  t h i s  stwdy i n d i c a t e  t h a t  
e x p l a n a t i o n s  f o r  t h e  b e n e f i c a l  e f f e c t s  o f  neomycin an hyperarnmonernia i n  1  i v e r  
d isease shou ld  n o t  o n l y  i n c l u d e  t h e  a n t i m i c r o b i a l  a c t i v i t y  o f  neomycin b u t  
a l s o  i t s  i n f l u e n c e  on a b s o r p t i v e  and m e t a b o l i c  f u n c t i o n  o f  t h e  mucosa c e l l .  
Wi th t h e  stwdy descr ibed  i n  chap te r  V we t r i e d  t o  e s t a b l i s h ,  which b a c t e r i a  
a r e  r e s p o n s i b l e  f o r  ammonia p r o d u c t i o n ,  and i f  b a c t e r i a  a r e  r e s p o n s i b l e .  
Therefore r a t s  were s e l e c t i v e l y  decontamin~ated, which Inearas t h a t  a  d e f i n e d  
p o r t i o n  ( a e r o b i c  o r  anaerob ic )  was s e l e c t i v e l y  e l i m i n a t e d  by t h e  use o f  
spesi f i c  a n t i b i o t i c s .  E l  im~in~at io ln  o f  t h e  anaerobic  f l o r a  decreases, i n  
c o n t r a s t  t o  s t a t e ~ n e n t s  i n  t h e  l i t e r a t u r e ,  p o r t a l  ammonia l e v e l s .  The s tudy  
however does no t  prove t h a t  e l i m i n a t i o n  of t h e  anaerobic  f l o r a  IS l l a r g e l y  
responsi  b l e  f o r  t h e  decrease i n  p o r t a l  ammonia c o n c e n t r a t i o n  because t h e  
a n t i b i o t i c s  used may a p a r t  froan t h e  b a c t e r i c i d a l  a c t i o n ,  a l s o  e x e r t  m e t a b o l i c  
e f f e c t s .  We t h e r e f o r e  c r e a t e d  g ~ n o t o b i o t i c  r a t s  w i t h  a  d e f i n e d  f l o r a .  I n  these  
r a t s  am~iionia was deterniiined i n  t h e  p o r t a l  b lood  and r e l a t e d  t o  t h e  f l o r a  
p resen t  i n  t h e  i n t e s t i n e .  A f t e r  c o l o n i z a t i o n  o f  germ-f ree r a t s  w i t h  anaerob ic  
o r  aerobiic i n t e s t i n a l  f l o r a  o r  a  combinat ion o f  both,  p o r t a l  plasma l e v e l s  
inc reased  i n  t h e  anaerobic ,  combined anaerohic  and aerob ic ,  h u t  n o t  i n  t h e  
a e r o b i c  g n o t o b i o t ~ c  animals .  A l though t h e  anaerobic  F l o r a  c o n s i s t i n g  o f  
G l o s t r i  durn perSr ingens ,  C l  os t r id i l um inocuum, E a c t e r a i d e s  rurninilculum, Bacte-  
r o i d e s  f r a g i l  i s ,  P e p t o - s t r e p t o c o c c i  , B i f l d o  b a c t e r i a  and L a c t o b a c ~ l l ~  , 
generates a  s i g n i f i c a n t  amount o f  ammonia, t h e  p o r t a l  alli~lrotri a  comcentratior-s 
d i d  n o t  reach l e v e l s  of conven t iona l  r a t s ,  sugges t ing  t h a t  a d d i t i o n a l ,  
p o s s i b l y  unknown u n c l ~ a s s i  f i e d  spec ies  ni~ay be needed t o  r e s t o r e  arn~noni a  l e v e l s  
i n  t h e  p o r t a l  v e i n  t o  plasma l e v e l s  i n  t h e  p o r t a l  v e i n  of conven t iona l  r a t s .  
I n  chap te r  V1 s t u d i e s  a r e  d e s c r i b e d  concern ing  t h e  i n f l u e n c e  of l a c t u l o s e  and 
neomyrin on t h e  lwminal  and g u t w a l l  assoc ia ted  f l o r a  of bo th  t h e  small  and 
l a r g e  i n t e s t i n e .  The changes i n  f l o r a  were c o r r e l a t e d  w i t h  t h e  c o n c e n t r a t i o n  
o f  ammonia i n  t h e  por ta !  e f f l u e n t  o f  smal l  and l a r g e  i n t e s t i n e ,  The b a c t e r ~ a l  
coun ts  i n  smal l  and l a r g e  i n t e s t i n e  o f  t h e  r a t s  a f t e r  t r e i a t ~ r ~ e n t  w i t h  l a c t w -  
l o s e  and neomycin cannot e x p l a i n  t h e  ssigrrif i cant  decrease i n  annrnonia l e v e l s  
i n  t h e  p o r t a l  ve in .  Consequent ly ,  t h e  n~echanism o f  a c t i o n  o f  lactulcnse and 
neomycin can n o t  be e x c l u s i v e l y  e x p l a i n e d  by these changes i n  t h e  gu t  f l o r a ,  
e s p e c i a l l y  n o t  s i n c e  b o t h  neo~i iyci  n  ancl l a c t u l o s e  a1 so decrease an~tnnnia l e v e l s  
i n  t h e  p o r t a l  e f f l  ueln~t o f  t h e  sma l l  i n t e s t i n e  where few b a c t e r i a  a r e  p resen t .  
F i n a l l y  ( c h a p t e r  V I L )  we determined p o r t a l  and a r t e r i a l  amino a c i d  and 
ammonia c o n c e n t r a t i o n s  and c a l c u l a t e d  p o r t a l - a r t e r i a l  d i f f e r e n c e s  i n  sma l l  
and l a r g e  bowel of c o n t r o l  an imals  and o f  l ac t l s lose  and neomycin t r e a t e d  
r a t s .  Both conven t iona l  and germ-f ree r a t s  were used. Under these  i n  viva 
c o n d i t ~ o n s  c o l o n  and smal Y bowel take  up g lu tamine  and produce a1 anine,  
g lu tamate  and ammonia. Small  i n t e s t i n e  re leases  more a1 anine and ammonia t h a n  
t h e  c o l o n  e s p e c i a l l y  when a  f l o w  r a t e  o f  smal l  versus l a r g e  bowel o f  3 : 1 i s  
taken  i n t a  account.  Glutamine uptake and p r o d u c t i o n  o f  a l a n i n e ,  g~lutdfna'ce and 
ammonia were decreased by l a c t u l o s e  and neomycin i n  smal l  and l a r g e  bowel. 
I n  chapter  VPII t h e s e  r e s u l t s  a r e  d iscussed.  


van die d a m .  Ha c o l o n i s a t i e  met een anaerobe o f  aerobe f l o r a ,  of een combina- 
t i e  van be iden ,  werd een s t i j g i n g  waargenmen van amon iak  i n  de vena p o r t a  
i n  de anaerobe, gecombirreerd anaerobe + aerobe, echteer n i e t  i n  de aerobe 
gnotobionten.  Ondanks h e t  f e l t  d a t  de anaerobe f l o r a  de volgende species 
beva t t e :  G l  o s t r i d i u m  pe r f r i ngens ,  C l o s t r i d i  urn i nocuwm, bac te ro i des  rurninicu- 
--
l m, bac te ro i des  f r a g f l  i s ,  pep to -s t rep tococcen , b i f i d o  b a c i l  l en en 1 actoba- 
- - 
c i l  l en ,  waardoor elen aan l z i en l i j ke  anmoniak s t i j g i n g  op t rad ,  b e r e i k t e  de 
u j t e l n d e l f j k e  c o n c e n t r a t i e  i n  de wena p o r t a  l r i e t  d i e  van de convent ione le  
r a t t e n ,  hetgeen be teken t  d a t  andere, nog nader t e  s p e c i f i c e r e n  o f  n o o i t  
eerdler gekweekte soor ten  nodig r l ' j n  am de f y s i o l o g i e  t e  h e r s t e l l e n  i n  de 
d a m .  
I n  hoofdstuk Y1 wo rd t  een s t u d i e  beschreven b e t r e f f e n d e  de i n v l o e d  van 
I a c t u l o s e  en n e m y c i n e  ap de l um ina le  en damiwand geassociPerde f l o r a  van 
zowel de dlunne a l s  de d i kke  dann. Deze f l o rave rande r i ngen  ~ e r d e n  gecolcreleerd 
aan de amon lak  c o n c e n t r a t i e  i n  de Yena por ta .  De r e s u l t a t e n  geven aan d a t  de 
~ e r a n d e r i n g e n  van deze f l o r a  t e n  gevolge van de behandel i n g  met neomycine en 
l a c t u l o s e  n i e t  gerela'ceerd kunnen worden aan efe amon iakda l i nge~n  i n  de vena 
p o r t a  zoda t  de werk ing  van nemyc ine  en l a c t u l o s e  n i e t  v lerk laard kan worden 
u i t  deze verander ingen temeer daar zowel 1  ac tu l ose  a1 s neomyci ne amon iak -  
da l l ngen  t e  r i e n  gawen i n  de dunne d a m  waar r e l a t i e f  we in i g  b a c t e r i e n  
aanwezig z i j n .  
Tens1 o t t e  bepaal den we i n  hoofdstuk V I  I de arnmoni alk- en arninozuurconcentra- 
t i e s  i n  a r t e r i g e l  en po r t aa l  b loed  b i j  met l a c t u l o s e  en neomycine behandelde 
r a t t e n .  Zowel s t e r i e l e  a l s  cenvent ione le  ~ a t t e m  werden geb ru i k t .  Vaanvit deze 
waarden werden por ta1 ,e -a r te r iG le  v e r s c h i l l e n  bereken~d. I n  dese i n  v i v a  
st lud ies b l i j k t  zowel h e t  co l on  a l s  de dunne d a m  gllwtarniine op t e  nemen en 
amoni ak, g l  u t a n i  ne, a1 an i  ne, c l ' t r u l l  i ne en o r n i  t h i  ne t e  producerem. De dunrue 
dcllrm prodluceert dwidel  i j k  meer ammoniak, r e k e r  a1 s men ook de g r o t e r e  f l o w  
naar  dc dunne dann dan naar de d i kke  d a m  i n  ach t  neemt. 
De opname van g lu tamine  en de p r o d u c t i e  van a l an i ne ,  g lutaminezuur  en ammonia 
werden zowel i n  de dunne a l s  d i k k e  d a m  geremd. 
I n  b o f d s t u l (  YI l l  worden deze reslul t a t e n  bespraken. 
